Abstract. The aim of the present study was to observe the efficacy and safety of long-course treatment with tacrolimus combined with low-dose corticosteroids for idiopathic membranous nephropathy (IMN). A total of 76 patients with IMN diagnosed by renal biopsy between March 2012 and January 2016 form The First People's Hospital of Changzhou (Changzhou, China) were selected and randomly divided into a short-course group and a long-course group (each, n=38). Patients in the short-course group were treated with hormone combined with tacrolimus for 12 months, whereas those in the long-course group received the same treatment for 24 months. The efficacy, safety and recurrence of the two groups of patients were observed, and serum ALB, urine protein, Scr and blood glucose were assessed once a month for 24 months by measuring blood biochemistry. A total of 11 patients exhibited adverse effects, 6 of whom were serious and as such were excluded from the study. In the short-course group, 8 of 35 patients demonstrated complete remission (CR), 17 patients exhibited partial remission (PR) and the remaining 10 patients had no remission (NR); however the disease recurred in 8 patients following treatment. In the long-course group, 16 of 35 patients exhibited CR, 14 patients demonstrated PR and the remaining 5 patients had NR. Furthermore, the disease recurred in 4 patients following treatment. Significant differences were observed in urine protein and serum ALB at 18 and 24 months following treatment between the two groups while Scr and blood glucose had no significant differences at any time point. It was concluded that long-course tacrolimus combined with low-dose hormone effectively treats idiopathic membranous nephropathy and that therapy demonstrated a relatively high remission rate, and the recurrence rate of the disease is low.
Introduction
Idiopathic membranous nephropathy (IMN) is a common cause of adult nephrotic syndrome and one of the leading causes of primary nephrotic syndrome (1) . Although spontaneous remissions occur, IMN is an important cause of chronic kidney failure. It is pathologically associated with immune complex deposition under glomerular epithelial cells, thus leading to diffuse thickening of capillary basement membranes (2) . The majority of patients (50-90%) exhibit nephrotic syndromes, whereas others exhibit non-nephrotic proteinuria with a low incidence rate of hematuria (1) . As the course of the disease is delayed, the drug treatment duration is long and its sensitivity to treatments varies (1, 3) .
It is widely accepted that simple corticosteroid therapy is ineffective for the treatment of IMN (3, 4) and at present, corticosteroids therapy in combination with immunosuppressive agents is commonly utilized (5, 6) . KDIGO Clinical Practice Guidelines for Glomerulonephritis recommends Calcineurin inhibitors, either cyclosporine or tacrolimus as the major therapeutic option in patients with primary membranous nephropathy (4) . Tacrolimus is a novel immunosuppressive agent, which effectively inhibits the activation and proliferation of T cells and has been widely used in anti-rejection and autoimmune diseases following renal transplantation (5) (6) (7) . In recent years, tacrolimus has been utilized more frequently for the treatment of IMN and has achieved notable results, but the recurrence rate of IMN is clinically high following drug withdrawal (8) (9) (10) . At present, the duration of tacrolimus treatment remains inconclusive. The present study assessed the efficacy and safety of different courses of tacrolimus administration in, combination with low-dose prednisolone for the treatment of IMN.
Patients and methods

Participants.
A total of 76 patients with IMN who were hospitalized at the First People's Hospital of Changzhou (Changzhou, China) between March 2012 and January 2016 were included in the present study. These patients, including 43 males and 33 females, were aged from 17-78 years old with a mean age of 47.4±17.1 years. The inclusion criteria were as follows: i) Patients pathologically diagnosed with IMN at stage I-III based on the KDIGO Clinical Practice Guidelines (1); ii) patients with serum creatinine (Scr) <221 µmol/l; and Different therapies. Patients in both groups were administered low-dose prednisone (0.5 mg/kg/day) combined with tacrolimus (0.1 mg/kg/day) orally for routine treatment. At 8 weeks following initial administration, the dose of prednisone was reduced by 5 mg every 4 weeks and then maintained at a total of 10 mg per day. The short-course treatment group received tacrolimus (0.1 mg/kg/day) once every 12 h; patients were administered the drug orally when fasting (0.5 h prior to meals). Following 1 week of treatment, the plasma concentration of tacrolimus was monitored using a Microparticle Enzyme Immunoassay kit (cat. no. AH875420; Abbott Laboratories, Abbott Park, IL, USA) according to the manufacturer's protocol. In the first month, the concentration was detected once a week and following this, was assessed once per month. If the concentration was <5 µg/l, the dosage of tacrolimus was increased until the plasma concentration was maintained at 5-10 µg/l. This cut off value was based on a previous study (1) . At 6 months of treatment, the plasma concentration of tacrolimus was maintained at 2-4 µg/l and patients continued treatment until the 12 month period ended. The long-course group were administered the same treatment as the short-course group. At 6 months following treatment, plasma concentration of tacrolimus plasma concentration was maintained at 2-4 µg/l and patients continued to receive this dosage until the 24 month treatment period had ended.
Observation indicators. Patients were followed-up once a week in the first month following tacrolimus treatment and were subsequently followed-up once a month for 24 months. Mild, moderate and high degree edema refers to edema below the ankle joint, below the knee joint and above the knee joint, respectively as previously described (1). Hemoglobin was measured using a whole blood analyzer (Hitachi, Ltd., Tokyo, Japan) in accordance with the manufacturers' protocol. Albumin (ALB), Scr, 24 h urinary protein quantification and blood glucose were measured using the automatic biochemical analyzer (Hitachi, Ltd.). Changes in tacrolimus concentration were monitored and adverse effects for the duration of treatment, including severe infection, elevated blood sugar and renal dysfunction were recorded.
Evaluation of therapeutic efficiency. Clinical efficacy was divided into complete remission (CR), partial remission (PR) and no remission (NR). CR was achieved when urinary protein was <0.3 g and normal serum ALB levels and renal function was exhibited. PR was determined when urinary protein was 0.3-3.0 g, or when its basal value was reduced by >50%. In addition serum albumin had to be ≥30 g/l with stable renal function. NR was considered when the efficacy did not reach the criteria for PR. Recurrence was determined after the efficacy reached CR or PR, but symptoms in line with the diagnostic criteria for nephrotic syndromes recurred in the course of administration. Repeated occurrence occurred when the efficacy reached PR, but various incentives led to elevated levels of urinary protein, which did not meet the diagnostic criteria for nephrotic syndromes.
Statistical analysis. SPSS 17.0 statistical software (SPSS, Inc., Chicago, IL, USA) was used for analyses. Normal distributed quantitative data were expressed as the mean ± standard deviation and quantitative data was expressed as frequency. The rank-sum test was utilized for rank data. One way analysis of variance followed by the least significant difference post-hoc test was conducted for repeated measures data using a general linear model with intergroup comparisons and comparisons at different time points. Student's t-test was used for intergroup comparisons of measurement data. P<0.05 was considered to indicate a statistically significant difference.
Results
Baseline characteristics of patients in the two groups.
A total of 70 patients completed the treatment protocol. The baseline characteristics of the short-and long-course groups are presented in Table I . The mean age was 47.9±17.1 years in the short-course group and 46.9±15.4 years in the long-course group, and the male/female ratio was 22/13 and 20/15 in the short-and long-course groups, respectively. The course of disease was 11.6±5.3 months in the short-course group and 12.5±5.0 months in the long-course group. In the short-course group, 26 patients exhibited moderate to high-degree edema and 30 patients exhibited massive proteinuria and hypoproteinemia. In the long-course group, 25 patients presented moderate to high-degree edema and a total 31 patients exhibited massive proteinuria and hypoproteinemia (including the 30 patients in the short course group). There were no statistically significant differences in sex, age, course of disease prior to treatment and stage of the disease between the two groups.
Comparison of the efficacy between two groups of patients. At the end of treatment, the short-course group included 8 cases of CR, 17 cases of PR and 10 cases of NR (Table II) . The long-course group exhibited 16 cases of CR, 14 cases of PR and 5 cases of NR. There was a significant difference in the ratio of CR to NR in the long-course group compared with the short-course group (P<0.05; Table II ). The disease recurrence rate was significantly increased in the short-course group (8 cases) compared with the long-course group (4 cases; P<0.05; Table II) .
Comparison of proteinuria and biochemical indices at different treatment time points between the two patient groups.
In the short-course group, at 1 month following treatment, the quantity of urine proteins was significantly decreased compared with the levels prior to treatment in 16 patients (P<0.01; Table III) ; at 6 months following treatment, 6 patients had completely recovered to normal; at 12 months following treatment, 8 patients had completely recovered to normal; following drug withdrawal, the disease recurred in 8 patients. At 1 month following treatment, serum ALB levels in 28 patients were significantly increased compared with levels prior to treatment (P<0.01), which was subsequently ameliorated in 10, 13 and 17 patients at 3, 6 and 12 months following treatment, respectively. In the long-course group, at 1 month following treatment, the quantity of urine proteins in 15 patients was significantly decreased compared with levels prior to treatment (P<0.01), which was subsequently ameliorated in 5, 9, 13 and 16 patients at 6, 12, 18 and 24 months following treatment, respectively. At 24 months following treatment, the disease recurred in 4 patients. At 1 month following treatment, the serum ALB level in patients 27 was significantly elevated, which was subsequently ameliorated in 9, 15 and 18 patients at 3, 6 and 12 months following treatment, respectively. Statistically significant differences in the quantity of urine protein and serum ALB were observed at 18 and 24 months following treatment in the long-course group compared with the short-course group (P<0.05; Tables III and IV) . However, no significant differences in the mean levels of Scr and blood glucose at any time point prior to and following treatment between the two groups were observed (Tables V and VI) .
Adverse effects. A total of 11 patients exhibited adverse effects, 6 of whom were excluded due to severe adverse effects at 2-10 months following the initiation of treatment. Among patients with severe adverse effects, 4 suffered severe pneumonia, of whom 3 succumbed following invalid rescue, 1 suffered lung abscess and 1 suffered interstitial lung disease. The remaining 5 patients exhibited elevated blood glucose, 2 in the short-course treatment group and 3 in the long-course group. Following diet control or drug treatment, the blood glucose levels returned to normal. The incidence rate of adverse effects was 13.1% in the short-course group and 15.8% in the long-course group; this difference was not statistically significant. However, the mortality rate (3.9%) of patients with severe adverse events, particularly those with severe pneumonia, was high, which should trigger clinical application vigilance. Patients were divided into two groups according to whether adverse effects occurred. Univariate analyses were conducted for age, sex, Table III . Comparison of urine protein content prior to and following treatment between the short-and long-course groups. Table IV . Comparison of ALB content prior to and following treatment between the short-and long-course groups. Data are presented as the mean ± standard deviation. Table V . Comparison of Scr levels prior to and following treatment between the short-and long-course treatment groups. biochemical indices and treatment time of the two groups of patients and the results demonstrated that age, serum ALB and the quantity of protein in urine at 6 and 12 months following treatment may be risk factors for adverse effects (Table VII) .
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Discussion
IMN is one of the most common pathologies that trigger adult nephrotic syndromes (1). The majority of patients (50-90%) manifest nephrotic syndromes, whereas others exhibit non-nephrotic proteinuria (1). In recent years, various antigens, including the M-type phospholipase A2 receptor have been identified as important mechanisms for the pathogenesis of IMN (11) (12) (13) . The course of IMN varies and according to renal function and degree of proteinuria, IMN is divided into low-risk, moderate-risk and high-risk subtypes (1). Patients with low-risk IMN primarily receive symptomatic and supportive treatments whereas tacrolimus combined with low-dose prednisone is recommended for patients with high-risk factors (7) . Tacrolimus is an inhibitor of calcineurin that interferes with calcium-dependent signaling pathways, blocks transcription in early T cell lymphocytes and inhibits the activation and proliferation of T cells (7) . In addition, tacrolimus serves an immunosuppressive role by inhibiting T cell-derived growth factors to inhibit B cell growth and antibody formation (7) . For this reason, the drug has drawn increasing attention for its use in IMN treatment. A previous meta-analysis including a total of 1,762 participants revealed that therapy with immunosuppressive agents significantly increased the rate of remission, reduced the risk of all-cause mortality and end-stage renal failure, and that treatment with tacrolimus in combination with low-dose prednisone significantly reduced proteinuria (14) . A number of clinical studies have also demonstrated that the efficacy of tacrolimus treatment with low-dose prednisone for IMN is superior to that of conventional regimens and that this treatment significantly improves the clinical remission rate of patients with IMN (15) (16) (17) (18) . However, recurrence rate is high following the withdrawal of tacrolimus (19) . A previous study has demonstrated that the time to remission and the duration of treatment by tacrolimus are factors associated with recurrence (20) . Reducing the recurrence rate is associated with the patient prognosis; therefore, the present study conducted a randomized controlled experiment to assess the efficacy and safety of patients with IMN and nephrotic syndromes, receiving treatment for 12 and 24 months. The results demonstrated that low-concentration tacrolimus in the long-course group, alleviated the condition of the disease with a low recurrence rate (19) . However, due to the relatively high prices of tacrolimus and an increased risk of side effects following long-term use (21), the appropriate duration of treatment maintenance remains inconclusive.
To the best of our knowledge, the present study assessed whether there were differences in efficacy and safety between short-and long-course tacrolimus treatment for the first time.
The results demonstrated that short-and long-course treatment significantly alleviated IMN; however, the disease recurred in 8 patients in the short-course group and 4 patients in the long-course group following drug withdrawal. Levels of urine proteins in the long-course group were significantly reduced compared with the short-course group at 18 and 24 months following treatment (P<0.05).
A previous study has demonstrated that the primary adverse effects of tacrolimus are liver and kidney toxicity, elevated blood glucose, gastrointestinal reactions, respiratory infections and rare epilepsy (22) . Another previous study revealed that the incidence rate of adverse effects is relatively lower following treatment with corticosteroids combined with tacrolimus for IMN (23) . In the present study, there were 11 patients with adverse effects, of whom 6 patients were excluded within 2-10 months due to serious adverse effects. The main adverse effects were elevated blood glucose and respiratory infections; however, this may have been partly caused by the combination of prednisone, as they are common side effects (1) . In future studies, it may be necessary to evaluate the efficiency and safety of tacrolimus monotherapy and that combined with prednisone for the treatment of IMN. In the present study, serious adverse effects included respiratory diseases, in which pneumonia was the most serious, causing 3 patients to succumb, suggesting that preventive measures need to be strengthened for serious adverse effects of tacrolimus, particularly for severe infections. These effects should be closely monitored during medication and the self-protection of patients, such as wearing a mask to avoid infection, following discharge should be strengthened.
The current study demonstrated that long-course tacrolimus combined with low-dose hormone may effectively treat IMN. Compared with short-course therapy, long-course therapy has a relatively higher remission rate and lower recurrence rate (11.4%). The main adverse effects of the patients were elevated blood glucose and respiratory infections. The former may return to normal following diet control or drug treatment; however the latter may have more serious implications. Age, serum ALB and the quantity of urinary proteins may be risk factors for adverse effects. However, there was no significant difference in the incidence rate of adverse effects (13.1 vs. 15.8%) between the short-and the long-course treatment group. The results of the present study indicate that long-course tacrolimus combined with low-dose hormone is a preferable therapy for the treatment of idiopathic membranous nephropathy compared with short-course treatment. However, the efficacy and safety of prolonged tacrolimus treatment combined with corticosteroids for IMN should be further explored in future studies with a larger sample size and a longer follow-up period.
